INTRODUCTION
Oral anticoagulants are one of the most effective prophy lactic/therapeutic medications to combat life-threatening thromboembolic events. 1, 2 The principal adverse effect of oral anticoagulants is haemorrhage that may cause related compli cations for some patients. [3] [4] [5] Warfarin, a competitive inhibitor of vitamin K, is a commonly prescribed oral anticoagulant to reduce the risk of thromboembolism in patients with mechani cal heart valves, deep vein thrombosis and other hypercoagu lable states. 6 The use of the international normalised ratio (INR) has been recommended for monitoring patients' oral anticoagulant therapy. This recommendation is supported by the American College of Chest Physicians, the National Heart, Lung and Blood Institute and the British Society for Haematology. 7 The INR was developed to incorporate the international sensitiv ity index (ISI) values and attempt to make prothrombin time (PT) results uniformly useable. The working reference has been calibrated against internationally accepted standard reference preparations which have an ISI value of 1.0. 8 By defi nition, those more sensitive to thromboplastin have an ISI of less than 1.0 and those less sensitive are greater than 1.0. The ISI value is critical for calculation of the INR, because the ISI value is the exponent in the formula. Consequently, small errors in the ISI assignment may affect the calculated INR substantially. 9 Most patients on oral anticoagulant therapy belong to the age group where high prevalence of periodontitis and other dental ailments may necessitate surgical intervention [10] [11] [12] [13] and hence the evaluation of risk of bleeding (with anticoagulation) or thromboembolism (without anticoagulation) is essential. The dilemma of anticoagulant therapy administration before, dur ing and/or after oral surgery continues to prevail, as there are different protocols which have been consistently updated. 14, 15 However, owing to serious complications associated with the withdrawal of anticoagulant therapy, [16] [17] [18] the earlier protocol of temporary discontinuation of anticoagulants for oral surgery 19 21 has been modified variously to include decreasing the level of anticoagulation, 22, 23 heparin substitution 24, 25 or not altering the anticoagulant regimen. 10, 11 Recent studies have suggested that dental extractions may be carried out with no interruption to the anticoagulant ther apy provided local haemostasis is adequately maintained. [26] [27] [28] [29] [30] [31] There are several important modalities for local haemostasis that might be important to minimise postoperative bleeding, including tranexamic acid mouthwash, 21, 25, 26 fi brin glue, [31] [32] [33] gelatin sponge, Surgicel and sutures. 34, 35 Blinder et al. 27 com pared the efficacy of various haemostatic methodologies and concluded that gelatin sponge and sutures provide suffi cient local haemostasis to perform dental extractions without inter ruption of oral anticoagulants. Recently, Evans et al. 29 used polyglactin sutures in combination with oxycellulose dressing for each extraction socket.
The objective of this prospective study was to exam ine the consequences of temporary withdrawal of warfarin and/or suturing on bleeding and healing pattern following dental extractions.
PATIENTS AND METHODS
A total of 214 patients who were kept on warfarin as a main tenance dose (2-10 mg daily) for >1 year and required dental extractions were recruited for this study. Patients with history of chronic renal or liver disease or who were on drugs that could affect liver function or haemostasis, other than warfa rin, were excluded. Informed consent was obtained from all participants who met the study criteria; they were randomised into four groups (Table 1 ). Patients in groups 1 and 3 were instructed to stop taking warfarin two days prior to oral sur gery and to resume their warfarin treatment 12 hours after dental extractions. This is in accordance with previous stud ies and suggested by earlier investigators to reduce the INR to a level of 1.5 to 2.0. 29, 36 Patients in groups 2 and 4 continued their prescribed warfarin therapy.
Preoperative blood tests were obtained to measure INR at baseline; INR was also measured on days 1, 3 and 7 postop eratively. Dental extractions were performed with the help of forceps and elevators under local anaesthesia (lidocaine HCl 2% and epinephrine 1:100,000); the number of carpules used was limited to two only for all patients. Postoperative meas ures to control bleeding were initially applying fi nger pressure with sterile gauze for 6-10 minutes, then exchanging the used gauze with new sterile gauze when necessary. 29, 33 Patients were asked to keep the gauze on the extraction site for at least 30 minutes and change the gauze with new at the end of their visit. Non-resorbable sutures (UNISILK 4/0, round body non capillary braided silk black) were used for wound closure for patients in groups 3 and 4. All patients were given detailed written postoperative instructions, the contents of which were verbally illustrated by the treating dentist. Patients were asked to wait for a minimum of one hour within the clinic area; they were closely monitored for bleeding status.
All patients returned for postoperative follow-ups at days 1, 3 and 7. The status of bleeding and healing were objectively monitored by an independent examiner blinded to the treat ment protocol for the four treatment groups. Examiner evalu ation was based on healing status and closure of the defect by scar-forming supporting tissue, and on restoration of the form and functions of the damaged area. Complete wound closure by the formation of scar tissue was considered good healing. Incomplete wound closure or the absence of scar tissue forma tion was considered poor healing. The presence of a solid clot covering the extraction socket was considered as no bleeding, while the presence of a fresh clot that shed easily, or blood ooz ing was considered as positive bleeding.
Data were analysed using the McNemar test. For categori cal correlations Spearman's test was used, whereas χ 2 test was applied for nonparametric comparisons. P values <0.05 were considered as signifi cant.
RESULTS
Two hundred and fourteen patients were enrolled in the study; the demographic distribution is shown in Table 1 . The INR level at baseline and day 1 (after extraction) for group 2 and 4 patients was significantly higher as compared to groups 1 and 3 ( Table 2 ). Resumption of warfarin therapy (groups 1 and 3) gradually increased INR level. However, there was no sig nificant difference at day 7 in INR level among the four study groups (Table 2) . Healing pattern was found to be approximately similar in all treatment groups, showing significant improvement at each consecutive visit. Cross-comparison among the four treatment groups did not show any significant difference in healing at the different postoperative visits (Fig. 1) .
Bleeding at postoperative day 1 was not significant; it was slightly higher among patients who continued warfarin ther apy (+W-S and +W+S) when compared to the opposite groups (-W-S and -W+S). Furthermore, the improvement continued within all treatment groups and was approximate at day 3 and almost eliminated by the last visit (day 7). Statistical anal ysis among the various treatment groups did not show any significant difference between the above measures on any of the postoperative visits (Fig. 2) . However, abolition of warfa rin and suturing (-W-S) appeared to be more favourable with regard to the absence of fresh clots that shed easily or blood oozing frequency in the extraction site. It should be mentioned here that bleeding incidences were of the mild transient type that may be provoked by local aggravating factors, ie chewing on the extraction site.
To examine the relationship between INR value and bleed ing incidence, all patients within the four treatment groups were combined together and then categorised into three groups based on INR value (1-2, >2-3 and >3); this was measured rela tive to the presence or absence of bleeding at the day 1 visit. Bleeding frequency at day 1 postoperatively was signifi cantly less (χ 2 = 22.65, p <0.001) in patients with INR 1-2 (13.6%) or >2-3 (19.8%) as compared to patients with INR >3 (54.21 ) (Fig. 3) . However, bleeding was minimal and not present at the consecutive visits.
The number of teeth extracted in each patient ranged from 1 to 5. Most of the patients had a single extraction (63.3%) followed by two teeth (25%), three teeth (7.5%), four teeth (3.3%) and five teeth (0.8%). There was no signifi cant correla tion between number of teeth extracted and bleeding status postoperatively.
DISCUSSION
The incidence of bleeding immediately after dental extractions was relatively higher among groups 2 and 4 as compared to groups 1 and 3. However this effect was not statistically sig nificant (Fig. 2) . Evans et al. 29 also noticed a comparatively higher frequency (although not significant) of bleeding within patients who remained on warfarin therapy compared with controls (26% versus 14%). The extraction sites in most of the patients had good closure and scar formation at postoperative follow-ups, irrespective of study groups (Fig. 2) . These fi ndings are supported by earlier studies suggesting that anticoagulants pose no risk of serious bleeding and dental extractions can be carried out safely without stopping warfarin, provided the INR is kept within a safe range. 27, 29, 31, 36, 37 We observed a signifi cant correlation between higher INR level and increased bleeding status. This is in contrast to earlier findings, although it was clinically insignifi cant. 28, 38 This disparity in results may be attributed to differences in the number of patients and meth odology used for surgery and/or local haemostasis. Patients with INR >3.0 had significantly higher frequency of bleeding as compared to patients with INR ≤3.0 (Fig. 3) , however, the bleeding incidences were of a minimal grade that recovered with time without affecting wound healing. These fi ndings support the notion that in patients with INR <3.0, it is relatively safe to perform tooth extraction without a signifi cantly increased risk of bleeding. However, it should be mentioned here that it has been reported in other studies that dental extractions can be performed in patients on warfarin therapy with INR up to 4.0 without serious bleeding complications. 12, 28, [39] [40] [41] Withdrawal of warfarin two days before surgery signifi cantly reduced INR levels before surgery (Table 1) and at day 1 postoperatively, which is in agreement with earlier reports. 29, 37 There was no incidence of thromboembolism even though the INR level in 96 out of 104 patients in groups 1 and 3 was <1.5. Devani et al. 36 had similar observations of INR level <1.5 in 14 out of 32 subjects after stopping warfarin for two days. The difficulty in predicting this drop and the associated risk of thromboembolism in warfarin-withdrawal groups outweighs the risk of postoperative bleeding -if any -in patients on maintenance warfarin therapy. 36 On the other hand, it has been suggested that certain path ological oral microorganisms may cause thromboembolic defects. 42, 43 Data have been obtained that indicate that Strep tococcus sanguis interacts with circulating platelets, inducing thromboemboli to cause pulmonary and cardiac abnormalities, and may contribute to the chance of acute thromboembolic events. We tried in this project to avoid the use of any hae mostatic agent, ie Surgicel or resorbable sutures, in contrast to previous studies. [44] [45] [46] [47] This was done to minimise the chance of migration of resorbable particles into the blood circulation, which may provoke such a thromboembolic event. It is sug gested here that the utilisation of sutures (especially resorb able sutures) may contribute to thromboembolic risk. Together with the discontinuation of warfarin (group 3), this may give an accumulative effect to enhance the occurrence of throm boembolisms. Although this is hypothetical, the combination with the factors mentioned above (discontinuing warfarin in addition to bacterial migration from the newly formed extrac tion socket to the blood circulation) might exaggerate the occurrence of thromboembolism.
It has been stated and shown in numerous studies that the risks of arterial and venous thromboembolism can be signifi cantly reduced (by up to 80%) by anticoagulation therapy. 1, 48, 49 Other studies have documented that serious embolic complica tions including death are three times more likely to occur in patients whose anticoagulant therapy was interrupted, com pared to patients with bleeding complications associated with anticoagulation. 13 In a comparative study comparing the con sequences of thromboembolism and postoperative bleeding, it was noticed that approximately 20% of cases of arterial throm boembolism are fatal and 40% result in permanent disability, as compared to only 3% of postoperative bleeding cases result ing in fatality. 50 Another study showed that an INR ≥2.0 at the time of stroke reduced the incidence and severity of ischaemic stroke, as well as the risk of 30 day mortality from stroke in patients with nonvalvular atrial fibrillation, compared with an INR <2.0, aspirin therapy, or no therapy at all. 51 Therefore, we have to notice here that the temporary discontinuation of war farin may expose patients to possible risk of thromboembolism equivalent to three days (surgery day, one day pre-and one day post-surgery) without anticoagulation therapy. 50 This has led to several updates and modifications for some protocols, from stopping anticoagulants before dental extractions 50 to not altering the maintenance dose, as mentioned by the North West Medical Information Centre, UK. 15 In this study, there was no reported incidence of postoperative infections. Furthermore, wound healing pro gressed well in all study groups (Fig. 1) . This is supported by earlier studies suggesting that the level of coagulation/anti coagulation has no significant impact on wound healing after dental extractions. 11, 30, 38 In this study, the number of teeth extracted per patient ranged from 1-5 and this was not corre lated with bleeding tendency. Other investigators also failed to observe any association between postoperative bleeding and number of teeth extracted [28] [29] [30] or complicated extractions.
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Our results also showed that suturing played no signifi cant role in bleeding status. Contrary to expectation, group 3 and 4 patients had higher (but insignificant) incidences of bleeding than their respective controls (groups 1 and 2) (Fig. 2) . This could be due to the mode of suturing and tissue handling which might complicate tissue healing and wound closure. Therefore, it is suggested here that suturing and invasive manipulation of soft tissue may be avoided in simple extractions and should be administered only when required.
In conclusion, dental extractions can be safely performed in patients on warfarin therapy without stopping or altering the dose of anticoagulant, provided the INR is ≤3.0 and effective local haemostatis has been ensured. Moreover, suturing should be decided on case-by-case basis depending on the extent of surgical trauma and the nature of wound. 
